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SPECIFICATION 

(57) Claims 

1. An electric double layer capacitor which utilizes an 
electric double layer formed in an interfa-ce between a 
polarizable electrode and an electrolyte, chara-cterized by 
using a carbon fiber as the polarizable electrode. 

2. The electric double layer capacitor as set forth in Claim 
1, characterized in that an activated carbon fiber which is 
produced by activating the carbon fiber is used as the 
polarizable electrode. 



3 . The electric double layer capacitor as set forth in Claim 
2, characterized in that the activated carbon fiber of a raw 
paper form is used as the polarizable electrode. 

4. The electric double layer capacitor as set forth in any 
one of Claims 1, 2. and 3, characterized in that a phenolic 
type carbon fiber is used as the polarizable electrode. 

Detailed Description of the Invention 

The present invention relates to electric double layer 
capacitors and, when more particularly explained, the present 
invention is to provide an electric double layer capacitor in 
which not only processability and application efficiency of 
a polari zable electrode is improved, but also a charging capacity 
per unit volume is large by employing a carbon fiber as the 
polarizable electrode. 

Heretofore, as a polarizable electrode of the electric 
double layer capacitor of this type, used is a thin plate, a 
net of a metal or a punching metal such as aluminum as it is, 
or a surface of any one of these current collector metals is 
roughened by, for example, etching processing and the liJc« to 
prepare a metallic current collector and, then, on both surf aces 
of the thus prepared metallic current collector, mold-pressed 
is the polarizable electrode material comprising activated 
carbon, or deposited is a rubber-like article by subjecting 
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it to rolls of rolling processing whereby the polarizable 
electrode is produced. 

However, in the polarizable electrode which has been 
produced using such a current collector as described above, 
there exist drawbacks that a contact between the metallic current 
collector and the activated carbon electrode is not strong and, 
particularly, in a spiral structure in which the polarizable 
electrode is allowed to be thin by being subjected to the rolls 
Of the rolling processing and, then, wound, an activated carbon 
electrode layer outside the current collector and another 
activated carbon electrode layer inside the current collector 
are subjected to opposite stresses to each other whereby the 
contact between the current collector and the activated carbon 
electrode becomes weaker; for this reason, internal resistance 
Of the electric double layer capacitor is gradually increased, 
application efficiency of the activated carbon electrode layer 
is gradually decreased and the like. 

Further, in a case of the above-described conventional 
structure, when the electric double layer capacitors are 
mass-produced in a large quantity, these problems as described 
above are even more serious. Namely, due to a peeling-off, 
drop-off or the like between the current collector and the 
activated carbon electrode layer which is possibly generated 
when the polarizable electrode is wound in a spiral form, a 
variance of a capacity, a decrease of the application efficiency 



3 



of the activated carbon electrode layer, and an increase of 
the internal resistance while in service are generated whereupon 
a capacity change, a variance of charging time and the like 
are derived; on this occasion, these are important problems 
from a standpoint of a commercial value. 

In order to solve these drawbacks, the present invention 
uses a carbon fiber for the polarizable electrode. 

Fist of all, the carbon fiber used in the present invention 
will be described in detail below, it is necessary that the 
carbon fiber which satisfies an object of the present invention 
has a large surface area, a small electric resistance, sufficient 
flexibility and tensile strength required for being processed 
in a spiral form of a thin piece, and sufficient chemical 
resistance required for withstanding an electrolyte for a 
prolonged time. 

When the carbon fibers which satisfy such an object as 
described above are classified, there are 4 types: a phenolic 
type (cured novolak fiber) , a rayon type, an acrylic type, and 
a pitch type. Further, a method of changing these raw material 
fibers into the carbon fibers or the activated carbon fibers 
is shown in a figure. 

As is appreciated from this figure, there are two methods: 
a method in which the raw material fiber is directly 
carboni ze-act ivated; the other method in which the raw material 
fiber is once changed into the carbon fiber and, then, activated. 
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Ordinarily, the raw material fiber is once changed to the carbon 
fiber and, then, activated at a temperature of from VOO^C to 
800'C under an atmosphere of a mixed gas comprising a steam 
and a nitrogen gas. Further, ordinarily, since the surface 
area, and the electric resistance and the flexibility are in 
an inverse proportional relation among them, as the carbon fiber 
is activated into the activated carbon fiber, the surface area 
becomes larger, the carbonization yield is decreased and the 
electric resistance and the flexibility become deteriorated. 
For being used as the polarizable electrode of the electric 
double layer capacitor, the carbonization yield is preferably 
from 10% to 80%, though depending on types of the raw material 
fibers; when the carbonization yield is less than 10%, though 
the surface area becomes larger, some types of the raw material 
fibers lose the flexibility thereby becoming difficult to 
withstand mechanical strength at the time of being wound in 
a spiral form or being subjected to current collector electrode 
processing; further, when the carbonization yield is more than 
80%, though the electric resistance, the flexibility, carbon 
fiber strength and the like are excellent, the surface area 
becomes smaller and an electric capacity per unit volume becomes 
smaller; hence, such a case as described above is not pref erable . 
As herein used, the carbonization yield of the fiber is expressed 
by: 
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weight of carbon fiber/weight of raw material fiber x 
100(%); or 

weight of activated carbon fiber/weight of raw material 
fiber x 100 (%) , 

wherein, as an example in a case of a phenolic fiber, 
the carbonization yield of the carbon fiber is from 50% to 58% 
and the carbonization yield of the activated carbon fiber is 
from about 18% to about 55%. 

Characteristics of carbon fibers of different types are 
shown in Table 1 . 
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As is apparent from Table 1, the acrylic and pitch types 
lack the flexibility to some extent as a whole and the surface 
areas thereof are small to some extent. As for the rayon type, 
though the surface area is large, the fiber itself is brittle; 
the carbon fiber thereof in a felt form is popular; though it 
is certainly difficult to make raw paper therefrom, it is 
possible to prepare it in a paper form; further, there exists 
a problem in chemical resistance and water resistance. On the 
other hand, as for the phenolic type carbon fiber, which is 
derived from the cured novolak fiber, since the cured novolak 
fiber is infusible and small in heat shrinkage, it is not 
necessary for this phenolic type carbon fiber to preliminarily 
change the raw material fiber thereof into an infusible state; 
further, it is possible to act ivate-carbonize a textile or a 
non-woven fabric thereof as it is; furthermore, it is strong 
and excellent in flexibility; hence, it is particularly 
excellent as being the polarizable electrode of the electric 
double layer capacitor . Still furthermore, there are amultiple 
of characteristics in making paper from the phenolic type carbon 
fiber as a raw material; it is particularly recognized that 
rawpaper made by using a specif iedKynol (tradename of a phenolic 
type fiber, available from Nippon Kynol Inc.) as a binder has 
characteristics of being excellent in a plurality of aspects 
such as flexibility, electric resistance, chemical resistance. 
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winding processing strength, processing accuracy, electric 
capacity, cost and the like. 

Next, embodiments according to the present invention will 
be described in detail with reference to a conventional example. 

In the first place, as a conventional example, a punching 
metal (t=0.1mm) of aluminum which has been subjected to etching 
processing was used as a current collector and, then, both 
surfaces of the thus prepared current collector were each 
processed with an activated carbon electrode layer, derived 
from coconut husk charcoal powders as raw materials, having 
a thickness of 200 ^ by rolling processing and, thereafter, 
the resultant article was cut in a shape having electrode sizes 
(20 cm X 2 . 5 cm X 500 \x) to obtain an electrode . The thus obtained 
electrode was provided with a lead made of aluminum by a known 
method and, then, a separator made of polypropylene was 
interposed between two pieces of such electrodes as thus obtained 
above and wound as a whole by a winder in a spiral form. 
Subsequently, the thus wound article was put in a case made 
of aluminum having sizes of a diameter of 16 mm and a length 
of 33 mm and, after being provided with a groove, the case was 
provided with a cover and filled with an electrolyte (by a vacuum 
impregnation method) and, thereafter, an opening thereof was 
crimp-sealed to prepare the conventional example. 

Next, embodiments according to the present invention are 
described. A rayon type activated carbon fiber in a felt form. 
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an acrylic type activated carbon fiber in a felt form, a pitch 
type activated carbon fiber in a felt form, a phenolic type 
activated carbon fiber in a felt form, a phenolic type activated 
carbon fiber in a cloth form, and a phenolic type activated 
carbon fiber in a paper form were used as respective activated 
carbon fiber raw materials. These raw materials were each cut 
in a shape (20 cm x 2.5 cm x 0.5 mm) of a polarizable electrode 
and, then, a separator of a PTFE type was interposed between 
2 pieces of each of the thus prepared polarizable electrodes 
of the activated carbon fiber and wound as a whole by a winder 
in a spiral form. On this occasion, a winding operation was 
executed while an opposite electrode was arranged such that 
only one end surface thereof had a step of about 1 mm. While 
using an aluminum lead wire for leading each of the electrodes 
out, a current collector terminal and a lead terminal of each 
of the electrodes were simultaneously formed on each end surface 
thereof by a plasma spraying method using aluminum powders. 
The thus formed electrodes comprising the activated carbon 
fibers were subjected to assembling and housing operations in 
a same manner as in the conventional example and, on this occasion, 
an electrolytic liquid of a 1 M/1 propylene carbonate solution 
of tetraethylammonium perchlorate was used as an electrolyte. 

Characteristics of the thus prepared examples according 
to the present invention and the conventional example were 
compared and the results are shown in Table 2. 
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As is apparent from Table 2, the examples according to 
the present invention in which the activated carbon fibers were 
used as the polarizable electrodes can remarkably be improved 
in the capacity per unit volume and the internal resistance. 
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Further^ in order to compare the characteristics in cases 
in which the carbon fibers and the activated carbon fibers that 
had been obtained by activating the foregoing carbon fibers 
were used^ using various phenolic type carbon fibers each in 
a felt form differentiated only in carbonization ratios from 
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each other as carbon fiber rawmaterials, polarizableelectrodes 
were prepared in a same manner as in the above-described 
embodiment which used the activated carbon fibers and, further, 
using the thus prepared polarizable electrodes, finished 
articles each as an electric double layer capacitor weSre 
prepared to compare characteristics thereof . Results are shown 
in Table 3. As is appreciated from Table 3, even in a state 
of carbon fibers, the capacity per unit volume and the internal 
resistance can remarkably be improved in a same manner as in 
the above-described activated carbon fibers. 
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As described above in detail, the electric double layer 
capacitor according to the present invention not only can improve 
the capacity per unit volume and the internal resistance, but 
also can attempt to achieve a quality stabilization, a yield 
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rate improvement, and a cost reduction; hence, an industrial 
value thereof is extremely large. 
Brief Description of a Drawing 

The figure is a diagram for explaining a method of -changing 
into a carbon fiber or an activated carbon fiber which is used 
in an electric double layer capacitor according to the present 
invention. 
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